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Review on Environment Noise Prediction Methods
Emitted by High Speed Trains
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ABSTRACT

Planning and construction of railway for high speed trains up to 400 km/h are recently driven in Korea.
High speed train is one of the environment-friendly fastest mass transportation means but its noise generated
by rolling, traction and aerodynamic mechanism can cause public complaints of residents nearby railways. To
cost-effectively prevent the troublesome noise in a railway planning stage, the rational railway noise prediction
method considering the characteristics of trains as well as railway structures should be required but it is
difficult to find an authentic method for Korean high speed trains such as KTX and KTX-II.

In this study, recent railway noise prediction methods developed by EU countries are introduced and
discussed for consulting before setting the framework of our own railway noise prediction model emitted by
Korean high speed trains over 250 km/h. Especially, the new Schall 03 model (2006) developed by Germany
and IMAGINE model (2007) suggested by an EU framework research project are intensively reviewed. In

addition, research items required for the development of our own model are suggested.
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Fig. 2 The three regimes of railway environmental noise [8]

Table 1 Railway noise generation factors and their characteristics

Classification Noise generation factors
-Shapes of vehicle, pantograph, bogies(aerodynamic noise)
. -Propulsion and auxiliary equipment (traction noise)
Train . .
-Wheel roughness (rolling noise)
-‘Brake type (braking noise)
-Rail roughness and discontinuity (rolling noise including impact noise)
Railway -Radius of track (sqgeal noise)
‘Track type (reflection)
-Bridge type (structure—borne noise)
. -‘Train speed (rolling, traction, aerodynamic noise)
Operation . ) ) ;
-operation mode such as deceleration (braking noise)
Traffic ‘Traffic volume per train type, per hour
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Table 2. Calculation formula for each source type defined in IMAGINE method[8]

Typical source

Source type ) Formula
heights
Lp,f,roll (Om) = Lr,tot,f (U) + LHpr,nl,tr,f +10 log (]V;Z /l’ueh)
Rolling Lp,f,roll (05m) = L’r.,tat.,f (U) + LHpr,nl,veh,f +10 10g (]\/:zr /lmih)
noise 0Om, 0.5m "L, 101+ total effective roughness depending on wave length
including L nt,tr.fr Liproniven,p+ Velocity—independent track and vehicle

m noi .
pact noise transfer function

Nt No. of axles -l train speed

Ueh
Lp,f,t’ra(rtion = Lp,f,d@‘l; , 1 farL@Lp,f,etc
'Lp,f,d: Lp,f,d,'ud [f(vd,max/vd)] + C:llog(vd/vd,max)

'Lp,f,fan: Lp frfan,vg,, Lf(/Uftm max/vfan )] + C}anl()g(vfan/vfan,max)

L § ote= pfq(f +10log(d )
Traction 0.5m, 2m, L L L

ofods Loy g fans Ly petet SPL due to drive, fan and auxiliary
noise 3m, 4m

equipment
vy drive speed vy .. max. drive speed -Cj © drive constant
“Vp,,+ fan speed -vg,, .0 max. fan speed -0 fan constant
-Lp’f’q(f)I SPL of auxiliary source
~qu duty factor (proportion of operation time to total time)

Lp,f,dec = Lp.,f,brake( )@L v, f,squeal
'Lp,f,brakc = Lp,f,brake (UO) + qrrakcl()g (U/UO)

Deceleration L gameat = Lpgomea + 10108 (déqueal)
Hoise 0.5m "Ly, tvrakes Lyt squears SPL due to braking and squeal

"Ly, ¢ brake (vy): SPL due to braking at reference speed v,

G, aie: brake constant  -v: train speed

"L, ¢ squeat SQueal noise level -dg, ., squeal duration

L, cuea = constant (average value) in curve with d <1000m
Curve or L . frsqueal Lp’f’squeal(vo,Rﬁ)+2010g(v/v0)—2010g(R/}%)
squeal 0.5m "Ly, ¢ squeal (vy» By): squeal noise level at train speed v, at

curved track of radius £,

-v: train speed - radius of curved track

L, ¢ aero (hyv) = L, ¢ ero (h,vo)+ozf (h)log(v/vo)
Aerodynamic | 0.5m, 2m, . pjaem(h vo)' aerodynamic noise level at height h and train
noise 3m, 4m speed v,

.af(h): speed factor at height h -v: train speed
Note: Symbol Y@ means YDX, =1Olog(100 1 0-1Xz )
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Table 3 Research items to develop environmental noise prediction model for high—speed trains

Object Research items Key parameters
‘Traction: noise level considering motor, transformer,
reduction gear, fan, air conditioner and auxiliary equipment |-Vehicle type
) -Aerodynamic: noise level considering shapes and structures -Vehicle Speed
Trains .. . . .
of trains including bogies and pantograph -Operation mode
-‘Brake: noise level considering braker type -Source directivity
-Rolling: structure—borne noise due to vibration of car body
‘Track: absorption effect according to track type
-Structure: railway structure such as bridge -Vehicle Speed
Railways -Branch: impact -Railway structure
‘Tunnel opening & track type
-‘Etc: other noise—affecting components and materials
‘Vehicle Speed
) -‘Rolling: noise level considering rail and track roughness -Rail and track
Combined L o L ..
offect -Impact noise: brapch, rail discontinuity surface condition
-Squeal: curve radius of track -Radius of track
‘No. of axles
Modelling & | ‘Frequency dependency -Accuracy
propagation | -Segmentation of track and positions of sources -Applicability
attenuation -Evaluation of attenuation during propagation outdoors -Authentication
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